It is well known that the U (1) gauge vector field, with the standard fivedimensional (5D) action, cannot be localized on Randall-Sundrum-like braneworlds with an infinite extra dimension. In this paper, we propose a modified 5D action to localize U (1) gauge vector field on flat branes with an infinite or finite extra dimension. The localization mechanism is realized by adding a dynamical mass term into the standard 5D action of the vector field, which is proportional to the 5D scalar curvature. It is shown that the vector zero mode is localizable if the 5D spacetime is (asymptotic) AdS 5 . Moreover, the massive tachyonic modes can be excluded.
The braneworld theories have received a lot of attentions since the success of the Randall-Sundrum (RS) thin brane models [1, 2] . In braneworld theories, the localization of gravity and all kinds of matter fields on the brane is always an important issue. It is well known that the four-dimensional graviton can be localized in the RS thin brane scenario [1, 3] and in thick brane scenarios [4] [5] [6] [7] [8] [9] [10] [11] [12] . The localization of real scalar field is the same as gravity in general relativity [13] , but may be different from or even opposite to gravity in some modified gravity [14, 15] . By introducing the usual Yukawa coupling between the background scalar field and the fermion field, the fermion can also be localized onthe brane generated by an odd scalar field [13, [16] [17] [18] [19] [20] [21] . However, if the brane is generated by an even scalar field, we need to introduce new localization mechanism in order to localize fermion on the brane [22] .
In five-dimensional (5D) spacetime, the U (1) gauge field A M with the usual action
where
is the field strength, can be localized on the brane in some special braneworld models, for example, in the standing wave braneworld model [23] , in the braneworld models with finite extra dimension [24] [25] [26] [27] [28] , and in a 6D model [29] . But it cannot be localized in a RS-like baneworld model with an infinite extra dimension [13, 30, 31] . In order to localize U (1) gauge field on branes in 5D RS-like models with an infinite extra dimension, the typical localization mechanism is to reform the action (1). In the thin brane scenario, many ideas were proposed for this issue [32] [33] [34] [35] . In ref. [32] , the author added a topological term and a 3-form gauge potential into the action (1). In ref. [33] , a bulk mass term of the vector and a coupling between the vector potential and the brane were introduced. In ref. [34] , the action (1) was changed to
where e 2α(y) is the warp factor. In this model the vector zero mode can be localized on the negative tension brane. In ref. [35] , gauge field kinetic terms induced by localized fermions were added into the gauge field action.
In order to localize U (1) vector fields in a thick brane models, Kehagias and Tamvakis (KT) proposed a coupling between the gauge field and an extra dilaton field. The KT mechanism has been applied in many different braneworld scenarios [36] [37] [38] [39] [40] [41] [42] . Recently, Chumbes, Holf da Silva and Hott (CHH) proposed a new mechanism [31] , in which gauge and tensor fields directly couple to a functional of the background scalar field.
In this paper, we propose a new localization mechanism to localize U (1) gauge field on the brane. We assume the 5D gauge field has a dynamic mass term, which is proportional to the 5D scalar curvature. Therefore, the action is 5D Lorenz invariant. Our localization mechanism can be used both in thin and thick braneworld models with infinite or finite extra dimension. To localize gauge field zero mode, the only assumption we need is that the 5D spacetime is (asymptotic) AdS 5 . With the same assumption, we can further prove that there is no tachyon mode in the KK spectrum.
The line-element describing a flat (Minkowski) braneworld embedded in fivedimensional spacetime is assumed to be [1] 
where e 2α(y) is the warp factor, α(y) is a function of the extra dimension y, G MN is the metric of 5D bulk spacetime and M, N = 0, 1, 2, 3, 4 stand for the bulk coordinate indices, and η µν = diag(−1, +1, +1, +1) is the metric on the brane and µ, ν = 0, 1, 2, 3 correspond to the brane coordinate indices.
In order to localize vector fields on branes, we introduce a dynamical mass term and the action reads
where M 2 is the dynamical mass term. In order to preserve the 5D Lorentz invariance, we set
where R is the scalar curvature of 5D spacetime. With the metric in eq. (3), the scalar curvature is given by
In this paper, the prime stands for the derivative with respect to y. From the above action (4) one can get the equation of motion for the vector field A M ,
With the gauge ∂ µ A µ = 0 and A 4 = 0, the action (4) reduces to
The above action (8) can be further reduced to the effective action of a massless and a series of massive four-dimensional vector fields:
by means of the KK decomposition
where A (n)
µ (x) is the KK mode and χ n (x) is called as the KK wave function [43] ,
µ is the four-dimensional gauge field strength tensor. The KK wave function χ n (y) is required to satisfy the following equation
and the orthonormalization condition
From the action (9), the localization of the KK mode requires
By using the following field transformation
eq. (11) can be rewritten as
For the vector zero mode, m 0 = 0, eq. (15) can be written as
Substituting eqs. (5) and (6) into eq. (16), we can obtain
which can be further factorized as
The solution of the above equation is
and further one can get
Therefore, the localization condition of the vector zero mode is
Because the integrand function
is continuous at the interval y ∈ (−∞, +∞), the convergence of the integration (21) is determined by the asymptotic behavior of χ 2 0 at the infinity. Now, we prove that if the five-dimensional spacetime is asymptotic AdS 5 , the vector zero mode is always localizable. The condition of asymptotic AdS 5 means that, when y → ±∞, the warp factor has the following asymptotic behavior
where k is a positive constant and it usually relates with the five-dimensional fundamental scale in RS-like braneworld scenarios. With this condition the asymptotic behavior of integrand is
Therefore, the integration (21) is convergent, namely, the zero mode is localizable. If the extra dimension is finite, the conclusion is also valid. Our conclusion can be easily verified in the RS-II model [3] , in that model α(y) = −k|y|. Substituting it into eq. (21), we obtain
from which the normalization constant is c 0 = k/2. Therefore, the vector zero mode is localizable in RS-II model. Further, we will discuss if this new localization mechanism can exclude the tachyon modes of gauge field. To discuss the massive modes and mass spectrum, it is more convenient to work with the conformal metric:
The form of dynamic mass with above metric (26) is
where the symbol " . " means the derivative with respect to z. Making use of the KK decomposition
and the transformation
the action (4) can be reduced to
The localization of KK modes means
At the same time, the function ρ(z) is required to satisfy a Schrödinger-like equation
The effective potential is given by,
Substituting the expression of M 2 in (27) into eq. (32), we obtain
With above potential eq. (32) can be further factored as
This is the supersymmetry quantum mechanics form of the Schrödinger equation (32) [44] , which guarantees the positivity of m 2 n . Therefore, the tachyon modes are excluded. This result is independent of the asymptotic behavior of spacetime.
To conclude, we have proposed a new localization mechanism of U (1) gauge field in this paper. In our mechanism a dynamical mass term was added into the 5D action of the vector field. The dynamical mass term is proportional to the 5D scalar curvature. Therefore, the 5D action is Lorentz invariant. It was shown that, if the brane is embedded in a 5D AdS 5 spacetime, then the vector zero mode is localized on the brane. Moreover, we also proved that there is no vector tachyon mode with our mechanism.
